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Abstract
The use of indicator species in conservation biology has proven to be an effective means of gauging
the biointegrity of communities and ecosystems. Nymphalid butterflies are excellent bioindicators
of forest and forest edge habitats. Their varied microhabitats required during different stages of
development make them excellent subjects for studies in vertical and elevational niche partitioning.
This study examines the vertical niche partitioning of Nymphalid butterflies along an elevational
gradient in the Estación Biológica Reserve in Monteverde, Costa Rica. This forest contains both
fragmented and continuous forest sections, thus making it a good representation of presently
protected forests. The study was conducted over a fifteen day period in late November. Fruit traps
were set at three elevational points within the reserve at three heights above the ground. Eightythree butterflies were caught representing six subfamilies and fourteen species. Sixty eight percent
of the sample was represented by Manataria maculata in the subfamily Satyrinae. Butterflies were
found to significantly prefer the lowest elevation (1550m) in an understory habitat. One species of
butterfly was found to only occur at the highest elevation (1750m). These results signify elevational
niche partitioning but not necessarily vertical. This trend may be due to small sample size and a
short study period. Comprehension of niche partitioning within tropical forests will lead to a greater
understanding of the ecology and biointegrity of presently protected areas.

Resumen
El uso de especies como indicadoras en conservación ha probado ser una herramienta efectiva como
indicadores de la integridad de las comunidades y ecosistemas. Mariposas de la familia Nymhalidae
son bioindicadores excelentes del bosque y de ecotonos. Por sus variados requerimientos de micro
hábitats durante los estados diferentes de desarrollo, hacen de ellos un sujeto excelente para estudiar
la separación vertical y altitudinal de las mariposas de la familia Nymhalidae en la Reserva de la
Estación Biológica Monteverde, Costa Rica. Este bosque se compone de bosque fragmentado y
continuo, lo que es una buena representación de muchos de los bosques protegidos. Este estudio fue
conducido durante 15 días en Noviembre de 1999. Se colocaron comederos a tres puntos de la
elevación a tres alturas diferentes. Ochenta y tres mariposas representadas en seis sub familias y 14
especies fueron colectadas. Sesenta y ocho por ciento de la muestra fue representada por Manataria
maculata en la subfamilia Satyrinae. Se encontró que las mariposas prefieren la elevación baja
(1550m).Una especie fue colectada solamente en la elevación alta (1750m). Estos resultados
sugieren las separaciones nichos por elevación, pero no necesariamente vertical. Esta tendencia
puede deberse a una muestra pequeña y a un periodo corto de estudio. La comprensión de la

separación de los nichos en el bosque tropical conduce a un entendimiento mejor de ecología y la
biointegridad de las tierras protegidas.

Introduction
Individual species examined under autecological and synecological methods provide
good insight into the biological integrity of habitats, communities, and ecosystems
(Norton, 1998). Various studies have been conducted using individual species as
indicator species to determine the levels of disturbance in many ecosystems. Birds,
amphibians, and insects have been used as indicator species in these studies due to
the wealth of knowledge that has been generated in the past about these organisms
(Blaustein 1994, Brown and Hutchings 1997, Daily and Ehrlich 1995, DeVries et al.
1997). These animals are chosen because they are quickly reactive to environmental
change due to the various different microhabitats that they require. Amphibians for
example are aquatic in the beginning stages of life, and then become partially
terrestrial. They also have extremely porous skin making them highly vulnerable to
environmental toxins (Blaustein 1994).Butterflies tend to be good indicators of
habitat quality due to the various microhabitats they inhabit from egg stage to larval
caterpillar, pupa, and finally adult ( Brown and Hutchings, 1997). These various
requirements have led butterfly richness and abundance to be highly reactive to
forest fragmentation (DeVries, Murray, and Lande 1997; Brown and Hunchings
1997; Young 1975).
Habitat fragmentation affects forest biota along different gradients. These
gradients occur through different manners of organization. Tropical forests are
organized not only horizontally, but vertically as well, due to the great height of
tropical trees. Tropical trees are vertically divided into distinct strata (Terborgh,
1992). This stratification occurs due to the levels of sunlight, precipitation and wind
that enters the forest. Microclimates are created by the obstructions of leaves,
branches and trunks of canopy trees. These environments can be divided into three
different zones, canopy, mid-canopy, and understory. The canopy receives the most
sunlight but also the most extreme environmental conditions, whereas the understory
receives very low levels of sunlight with subdued temporal conditions. Stratification
is important ecologically because it determines the microclimates within the forest
(Richards, 1952).
Butterflies are exemplary study subjects when examining vertical niche
partitioning due to their varied flight patterns and feeding habits. In one study by C.
Papgeorgis wing coloration was correlated with sunlight absorption due to the
absorptive qualities of differing wing color tones in Ithomiinae (Nymphalidae)
butterflies. Sunlight is known to increase butterfly activity due to their
poikilothermy (Papgeorgis, 1975). Frugivorous butterflies have also been the
subjects of vertical studies. DeVries et al. examined vertical niche partitioning in
fragmented forests. Fruit feeding butterflies tend to have a large habitat range due to
their food source (rotting fruit) being located at varied heights above the ground.

DeVries et al found vertical niche partitioning in 19% of the butterflies caught
(DeVries et al., 1997).
Historically much of the preserved forest land in the tropics has been
mountainous or otherwise difficult to develop (Terborgh, 1992). These last tracts of
primary forest have become the remaining habitats for many tropical species of
plants and animals. These habitats exist along different gradients. Elevational slopes
create gradients of moisture and temperature. This gradient is mainly due to extreme
weather conditions which occur on mountain slopes. The temporal zonation is
evident in the botanical growth forms that inhabit mountainous regions. These
gradients lead to the allopatry of animal species according to their distinct nutritive
requirements (Whitaker 1975). Butterflies high temporal requirements for sunlight
and specific food source requirements denote a high probability that there is
stratification along elevational gradients. This may become especially apparent
within a cloud forest due to the regular presence of a cloud bank at higher elevations
(Pounds et al, 1999).
Environmental pollutants also affect forests in both vertical and elevational
domains. Some toxins only affect ground waters and understory plants and animals,
while others impact mainly the canopy zone. R. Carlson examined the impacts of
heavy pesticide and herbicide use in the United States in the 1970’s. She found that
the majority of these biocides once sprayed upon the ground would leach into
ground water systems thus poisoning ground plants and animals (Carlson, 1962).
Canopy zones are affected by atmospheric toxins that rest in cloud banks. In a
study by Clark et al. it was found that cloud waters have high capacities for reactive
ion retention of H+ and nitrates. This retention creates high levels of acidity in the
cloud banks which rest upon many tropical forests (Clark et al., 1998) The degree of
cloud, canopy contact increases with increasing elevation (Pounds et al, 1999), thus
exposing tree tops to high levels of toxification along a gradient.
This study provides an investigation into the vertical niche partitioning of
butterflies along an elevational gradient. Nymphalidae butterflies are excellent study
subjects due to their frugivorous feeding habits. They feed on fruits at varying
heights above the ground as well as those rotting on the forest floor (Young 1972).
These butterflies can be easily trapped using fruit traps hung from trees at differing
heights along the vertical gradient of the trunk.
This study proposes that vertical niche partitioning will be highly
stratified at all elevations this is due to the varying levels of sunlight that enter the
forest (Richards, 1952). This investigation also proposes that greater species
richness and abundance will be observed at lower elevations. Warmer climate and a
higher proportion of sunny days (No cloud bank) (Pounds et al. 1999) creates an
optimal environment for butterfly activity. This will show a decreasing trend in
ascending elevation. This trend is due to the fact that more vertical microhabitats can
be observed at low elevations. More varied habitat allows for greater species
richness. At lower elevations there is usually greater species abundance and richness
than at higher elevations (Smith 1988).

Materials and Methods
Study Site
Research was conducted in the primary forest behind the Estación Biológica in
Monteverde Costa Rica. The forest rests on the Pacific slope of Mt. Dos Amigos
from 1550 m to 1800 m in primary forest in the Premontane Tropical Wet forest.
The study was conducted from the fourth to the nineteenth of November, 1999.
Field Methods
This study was conducted at three elevational points within the reserve at 1550 m,
1650 m, and 1750 m. These point represented different largely differing forest types.
The lowest elevation was characterized by high trees and many streams whereas the
highest elevation was characterized by elfin forest and an ever present cloud bank.
At each elevation six canopy trees were chosen at least 75 m apart. Lines were shot
into the highest branches of each tree using a slingshot. Three traps were hung on
each line at approximately 35-40 m (canopy), 17-20 m (mid-canopy), and 1.5-2m
(understory).
Fifty-four Van Someren Rydon fruit traps were made. White mesh was
wrapped around two rings of 8 mm wire that were placed about 75 cm apart to form
a cylinder (Fig. 1). The top of the trap was tied off and the bottom of the trap was
left open with a plastic plate hung 5-6 cm from the lowest ring with fishing line
(Daily and Ehrlich 1995). Bananas were placed in the plates after being left to rot for
one to three days. One third of a banana was placed in each trap every other day
(With exceptions due to extreme wind or rain that would wash the fruit from the
traps. Then the traps would be baited every day.). In high wind areas thin nylon
mesh was placed over the fruit plates to prevent fruit loss. The traps were checked
on a daily basis for a period of fifteen days in November from 1pm to approximately
4 pm in the afternoon. The butterflies were identified at each site using the
Butterflies of Costa Rica (DeVries, 1987).
Statistical Analysis
Species abundance per elevation and per trap were analyzed with the Chi square test
for Independence to examine distribution and the Chi square test for Goodness of Fit
to analyze difference. Species richness and species preference were examined in the
same manner. Diversity was analyzed with the Shannon-Wiener diversity index
(Zar, 1984).

Results
Abundance
In total 83 butterflies were collected among six subfamilies of Nymphalidae. These
butterflies were found in different levels of abundance at each elevation. Sixty five
butterflies were caught at 1550 m, 13 butterflies were caught at 1650 m, and five
butterflies were caught at 1750 m. This distribution was found as an equal ratio
between the number of butterflies per elevation to number of individuals per trap
(X2 = 3.91, d.f. = 4) (Fig. 7). This proportion represents a significant trend possibly
denoting vertical niche partitioning, and/or elevational partitioning, this will be
discussed later.
Within the community, butterflies are significantly more abundant in
understory traps than in mid-canopy or canopy traps at 1550 m (X2 = 9.58 for midcanopy vs. understory, and 10.23 for canopy vs. understory, d.f. = 1) (Fig. 7). The
traps at 1650 m and 1750 m showed no significant difference in abundance. This
represents a preference for low elevations by the entire population sampled.
Species Richness
Species were found to have higher richness with 11 different species at 1550m than
at 1750 m where only two species were found (X2 = 7.88, d.f. = 2). This represents a
similar trend to the decreasing abundance of individual butterflies with the increase
in elevation. No significant difference was found between 1550 m and 1650 m or
between 1650 m and 1750 m. Understory level traps were found to be significantly
more speciose than canopy traps at 1550 m (X 2 = 8, df = 1). Seven species were
found in the understory while only four species were found in the canopy. There was
no significant difference between understory and mid-canopy, or mid-canopy and
canopy traps at 1550 m. There was no significant difference between traps at either
1650 m or 1750 m. Among the entire community, Manataria maculata (Satyrinae)
was found to be the most abundant with 57 individuals, and Smyrna blomfildia datis
(Nymphalinae) was found to be the second most abundant with 10 individuals. The
remaining 12 species had between one and two individuals respectively (Fig. 2-4)
Diversity
It was found that in relation to community size at each elevation there was an equal
amount of species diversity. The sample size was not large enough to calculate Beta
diversity. Although there was overlap between two species between elevations.

Species Preferences
Manataria maculata (Satyrinae) the most abundant butterfly was found to have a
significant preference for the 1550 m over 1750 m (X 2 = 38.72, d.f. = 1). There was
a significantly higher number of individuals of M. maculata between 1550 m and
1650 m (X2 = 29.6, df = 1). There was no significant difference in Manataria
preference between 1650 m and 1750 m. At 1550 m the butterflies were found to
prefer understory level to canopy level (X2 = 11.12, df = 1), as well as understory to
mid-canopy (X2 = 7.410, df = 1). At 1650 m and 1750 m there was no significant
preference for any height along the trees.
Smyrna blomfildia datis (Nymphalinae) the second most abundant butterfly
was found to have no preference for either 1550 m or 1650 m. It was not found at
the third elevation. The sample size of S. datis was not large enough to statistically
test among the traps within the elevations.

Discussion
Butterfly abundance and richness was found to be high at 1550 m and decreased
with ascending elevation. This trend is supported by the findings that there is
generally higher species abundance at low elevations than at high elevations (Smith
1988). The different distributions of butterfly species according to elevation may be
due to climate (Daily and Ehrlich, 1995, Whitaker, 1975). The higher elevations of
Monteverde are more often enveloped in a blanket of clouds and thus receive less
sunlight (Pounds et al. 1999). Butterfly activity is greatly affected by sunlight levels.
They are more active during sunny days and less active during days without direct
sun due to the fact that they are poikilothermic (DeVries 1987).
It was also found that butterfly abundance and richness differed between the
understory, mid-canopy, and canopy level strata at 1550 m. The understory had
higher levels of species richness, abundance, and preference than did the midcanopy or canopy. In a similar study that examined vertical niche partitioning
among the butterflies of Nymphalidae at only one elevational point, it was also
found that butterflies had a significant preference for the understory (DeVries,
Murray, and Lande, 1997).
Manataria maculata was found to significantly prefer 1550 m to 1750 m. the
butterflies’ abundance ranged from high at 1550 m and decreased gradually in
ascending elevations. This is why there was no significant preference for habitats at
1650 m. The lack of preference and apparent gradual delineation of niche reflects
that butterflies are partitioned along an gradient but that there is a level of robustness
regarding the different species that allows them to forage at varying elevations with
varying environmental conditions. The preference for low elevations and understory
habitats is supported by another study also conducted in Monteverde in which the
same trend was observed (Haber, pers. com., 1999).

The lack of preference of Smryna blomfildia datis for a particular elevation is
possibly due to the small sample size of only ten individuals. S. blomfildia datis was
only observed at 1550 m and 1650 m. Further investigations with larger sample
sizes would likely reveal that there is niche partitioning along vertical and
elevational gradients.
The gradual decrease in butterfly populations ascending the elevational
gradient reflects that there is elevational niche partitioning, but not necessarily
vertical. The preference for understory habitats can be attributed to three factors,
first that most rotting fruits fall to the ground thus attracting more butterflies with a
larger food source. Second, environmental conditions are less extreme in the
understory, providing a safe and manageable flyway for the butterflies. Third, there
is less predation due to the fact that omnivorous birds live above 10 m (Richards
1952). For species to coexist in areas high with microhabitat variation there is a
definite need for partitioning into highly selective habitat ranges in order to
construct a “stable competitive coexistence” with the other organisms of the rain
forest (Young 1972).
The use of indicator species in conservation is an effective method for
assessing the biointegrity of a forest. This study takes a first step in an attempt to
understand the butterfly ecology of the cloud forest in Monteverde. Future studies
are needed regarding effective butterfly censusing along both elevational and
vertical strata. Only then will we be able to understand the base line functions of
some insects within protected areas.
The future of conservation lies within the findings of studies that will begin
to explain why and how organisms are so densely abundant in the tropics. As more
habitats are found for species to occupy the value of tropical rain forests will
hopefully increase among the inhabitants of the world. Vertical niche partitioning is
only now beginning to be studied and further research over longer periods of time is
of great necessity. The continuing existence of the biodiversity of the world rests in
the understanding of the preserved forests of the present. For only then will there be
conclusive evidence for the preservation of more habitats throughout the world.

Acknowledgements
I’d like to thank Alan and Karen Masters, Eben Broadbent, Justin Calabrese, Mauricio Garcia-C,
the other students of CIEE ’99, and the Estación Biológica de Monteverde.

Literature Cited
Blaustein, Andrew R. Chicken little or nero’s fiddle? A perspective on declining amphibian
populations. Herpetologica. 50(1).
Brown, Keith S. Jr., Huthings, Roger W. 1997. Disturbance fragmentation, and the dynamics of
diversity in Amazonian forest butterflies. Laurance, William F., Bierregaard, Richard O. Jr.
Tropical forest remnants. University of Chicago Press. Chicago, Il.

Clark, K.L., Nadkarni, N.M., Schaefer, D., and Gholz, HL. 1998. Atmospheric deposition and net
retention of ions by the canopy in a tropical montane forest, Monteverde, Costa Rica.
Journal of Tropical Ecology 14: 27-45.
Daily, Gretchen C., Ehrlich, Paul. 1995. Preservation of biodiversity in small rainforest patches:
rapid evaluations using butterfly trapping. Biodiversity and Conservation 4: 35-55.
DeVries, Philip J. 1987. The Butterflies of Costa Rica. Princeton University Press, Princeton, NJ.
DeVries, Philip J., Murray, Debra., and Lande, Russell. 1997. Species diversity in vertical,
horizontal, and temporal dimensions of a fruit-feeding butterfly community in an
Ecuadorian rainforest. Biological Journal of the Linnean Society. London, UK.
Haber, William. 1999. Personal communication.
Papageorgis, Christine. 1975 Mimicry in neotropical butterflies. American Scientist: 63.
Pounds, Alan J., Fogden, Michael P., and Campbell, John H. 1999. Biological responses to climate
change on a tropical mountain. Nature 389: 611-614.
Richards, P.W. 1996. The tropical rainforest. 2nd ed. Cambridge University Press. NY, New York.
Smith, Alan P. 1988. Does the correlation of elevation with plant taxonomic richness vary with
latitude? Biotropica 20: 289-290.
Terborgh, John. 1992. Diversity and the rainforest. Scientific American Library. New York, NY.
Whitaker, Robert, H. 1975. Communities and ecosystems. 2nd ed. Macmillan. New York.
Young, Alan M. 1972. Community ecology of some tropical rainforest butterflies. The American
Naturalist 87: Feb.
Young, Alan M. 1975. Feeding behavior of Morpho butterflies (Lepidoptera: Nymphalidae:
Morphinae) in a seasonal tropical environment. Revista de Biologia Tropical 23 (1) 101123.
Zar, Jerrold H. 1984. Biostatistical analysis. Prentice Hall, 2nd. Ed. New Jersey.

